Cancer is the second most frequent cause of death in North America and Western Europe. In the UK, colorectal cancer is responsible for 14 000 of the 142 000 cancer deaths annually, with 38 000 new cases per year (Cancer Research UK, 2014; UK Government statistics, 2014) . Tumour angiogenesis is implicit in the functions of the endothelium, which not only contributes to the structure of the vessel wall but also promotes further neovascularisation (in the local cancer milieu) by producing angiogenic mediators of its own, such as vascular endothelial growth factor (VEGF) and angiogenin (Folkman 1990; Takahashi et al, 1995; Shimoyama et al, 1999) . VEGF is a target of therapy for colorectal and many other forms of cancer (Koutras et al, 2011) , whereas raised angiogenin in colorectal cancer is associated with disease stage and outcome after surgery (Shimoyama et al, 1999) . Furthermore, there are several other lines of evidence of endothelial activity or perturbation in cancer, such as increased release of endothelial cell-specific molecules von Willebrand factor (vWf) and soluble E selectin into the plasma, as are present in colorectal cancer (Gil-Bazo et al, 2005; Sata et al, 2010) .
More recently, increased numbers of endotheloid cells (cells with endothelial-like morphology and phenotype), have been described in peripheral blood of patients with various solid tumours including colorectal cancer, the origins of which are the subject of much debate (Beerepoot et al, 2004; Fürstenberger et al, 2006; Rowand et al, 2007; Dome et al, 2008) . These cells may arise from existing normal and/or tumour vasculature (known as mature circulating endothelial cells (CECs)) or may represent endothelial progenitor cells (EPCs) derived from stem cells (probably from the bone marrow) that may contribute to neovascularisation (Blann and Pretorius, 2006) . Differences in EPCs and CECs numbers may therefore represent the balance of injury and repair to blood vessels, and/or the neovascularisation required of tumour angiogenesis. If endotheliod cells are indeed crucial to neovascularisation, this would make them a legitimate target (Ding et al, 2008; Mancuso and Bertolini, 2010) . However, we have argued that one or even two markers of vascular perturbation used in isolation are insufficient to fully describe changes to the endothelium and in angiogenesis in cancer, and that a combination of types of methods (e.g. cell markers should be used alongside plasma markers) will provide a more complete view of tumour biology (Blann et al, 2011) .
Standard treatment of cytotoxic chemotherapy alone has been challenged by the concurrent use of antiangiogenic therapy (Hurwitz et al, 2004; Gil-Bazo et al, 2005; Fürstenberger et al, 2006; Koutras et al, 2011) . We hypothesised that adding antiangiogenic therapy produces different responses in cellular (EPCs, CECs) and plasma (vWf, soluble E selectin) markers of vascular perturbation, and plasma growth factors (VEGF, angiogenin). We tested our hypothesis in three groups of patients with colorectal cancer undergoing treatment (surgery alone, surgery plus chemotherapy alone, surgery plus chemotherapy and antiangiogenic therapy), taking blood before surgery and again 3 and 6 months later.
MATERIALS AND METHODS
Patients were recruited from among those scheduled to undergo surgery for colorectal cancer at a large urban University Hospital. Standard surgical primary tumour resections were carried out with associated mesocolic/mesorectal lymphadenectomy. Specimens were sent for routine histology and the Dukes' stage derived according to standard criteria (Dukes, 1932; Astler and Coller, 1954) . Exclusion criteria were concurrent inflammatory connective tissue disease (e.g. rheumatoid arthritis), other neoplasia, marked haematological (full blood count) or biochemical (U&Es) abnormalities, for example, anaemia and renal disease (eGFRo30) and certain medications (antibiotics, NSAIDs, HRT and anticoagulant therapy). Local research ethics committee approval and informed written consent from all subjects were obtained.
Three months after surgery, a second blood sample was obtained. A clinical decision was then taken to proceed with no further treatment, with local standard chemotherapy based on 5-flurouracil with or without antiangiogenic therapy. Chemotherapy was based on a modified de Gromant regime (leucovorin À 2 IV over 2 h þ leucovorin 400 mg m À 2 IV over 2 h, followed by 5-FU 400 mg m À 2 IV bolus, followed by 5-FU 1200 mg m À 2 per day IV Â 2 days (total 2400 mg m À 2 ) as a 46-48 h continuous infusion, repeated every 2 weeks (Cheeseman et al, 2002 (Cheeseman et al, , 2008 André et al, 2004 André et al, , 2009 Twelves et al, 2005) . In some cases, treatment was days 1-14 Capecitabine [Xeloda] 1250 mg m À 2 orally twice daily for 2 weeks. The cycle was repeated every 3 weeks for 8 cycles over a 6 months altogether.
For those on antiangiogenic therapy, bevacizumab (Hurwitz et al, 2004) (5 mg kg À 1 ) was given IV on the first day of each 3 week cycle, and then 5 mg kg À 1 every 2 weeks. A third blood sample was obtained from subjects in all three group after a further 3 months.
Blood was taken for CECs and EPCs, and for plasma markers. For the latter, blood was centrifuged at 2500 rpm ( ¼ 1000 g) for 20 min to provide plasma for VEGF, angiogenin, soluble E selectin (CD69E) and vWf. Plasma was stored frozen at À 70 1C for batch analysis by ELISA (R&D Systems, Abingdon, UK; Dako-Patts, Ely, Cambs, UK). Intra-assay and inter-assay coefficients of variation (CVs) were o5% and o10%, respectively.
EPCs and CECs were analysed by flow cytometry (FACScalibur, Becton Dickinson, Oxford, UK) (Goon et al, 2009; Blann et al, 2011) . In brief, to 200 ml of blood was added 10 ml each of fluorochrome-labelled antibodies to CD45, CD146, CD34 and CD309 (all Becton Dickinson except anti-CD309, R&D Systems). Blood was incubated in the dark at room temperature for 20 min, then 3-ml red cell lysing/fixative solution (Becton Dickinson) was added and the tube and incubated for 15 min on the bench. Excess reagents were washed out with cycles of centrifugation (200 g for 5 min) and 3 ml of PBS solution. After the final wash, 0.5 ml of PBS was added and the suspension was applied to the FACScalibur. The CellQuest Pro software of Apple G4 computer was used to determine cell counts with a minimum of 100 000 events. White blood cells were identified and excluded by SSC and FSC in conjunction with CD45-PerCP as it is established that some white blood cells may also express endothelial and/or stem cell markers (Beerepoot et al, 2004; Fürstenberger et al, 2006; Rowand et al, 2007; Ding et al, 2008; Dome et al, 2008; Mancuso and Bertolini, 2010) . CD34-APC þ ve cells were then gated and subsequently re-probed in separate analyses with CD309-PE and CD45-PerCP for EPCs or with CD146-FITC and CD45-PerCP for CECs. Intraand inter-assay CVs were o24% for EPCs o47% for CECs, o40% for EPCs and o60% for CECs, respectively.
Statistics. Data are presented as mean and s.d. (when data normally distributed) or median and interquartile range (non-normally distributed). Comparison of the three groups at baseline was by analysis of variance (ANOVA) or the KruskalWallis test. The w 2 test was used for categorical data. Differences over the two time points were sought using paired t-test or Wilcoxon's test, at three time points by a general linear model ANOVA. We included the routine white blood cell count, known to be raised in colorectal cancer (Kemeny and Braun, 1983) , in our analyses to provide a perspective for CEC and EPC results. A sample size of 66 yields 2Po0.02 and 1 À beta ¼ 0.85 to robustly defend a (Spearman) correlation coefficient of r40.4. All analyses were performed on Minitab release 16 and Po0.05 was taken to assume significance.
RESULTS
Clinical and demographic details of the patients are shown in Table 1 . There were no differences in sex, age, blood pressure, heart rate, family history of cancer, smoking and body mass index between the groups. There was, however, a difference in distribution of Dukes' stage between the groups. Subjects with a higher Dukes' stage were more likely to have chemotherapy with or without antiangiogenic therapy. Table 2 shows research data before surgery from each of the three treatment groups. With the exception of soluble E selectin being higher in those on standard chemotherapy. There were no differences in these indices at baseline between the groups. Table 3 shows changes in research indices in the entire cohort of 68 patients before and 3 months after their surgery but before additional adjunct therapy. All indices except total CD34 þ ve cells were lower after surgery. Table 4 shows data from 16 patients treated with surgery alone. Although overall, CEC numbers changed significantly, this was so minor that there was no specific inter-group difference. EPCs and VEGF fell from baseline to 3 months (both Po0.05). At 6 months, VEGF remained low (Po0.05), but the EPC count was not different from baseline. There were no significant changes in vWf, soluble E selectin, angiogenin, CD34 þ ve cells or the white cell count. Changes in EPC and CEC counts are shown in Figures 1A  and 2A , respectively. Table 5 shows data from 32 patients treated with standard chemotherapy. CECs were lower at 3 months (Po0.05), but at 6 months, were no different to baseline levels. EPCs numbers fell at 3 months (Po0.01) but had returned to baseline levels at 6 months (Po0.05 to numbers at 3 months). Soluble E selectin was lower at 6 months compared with baseline and 3 months (both Po0.05). VEGF and the white cell count were lower at 3 and 6 months compared with baseline (both Po0.01). Levels of angiogenin fell from baseline to 3 months (Po0.05), but then increased from 3 months to 6 months (Po0.01). Changes in EPC and CEC counts are shown in Figures 1B and 2B , respectively. Table 6 shows data from patients on standard chemotherapy and antiangiogenic therapy. The numbers of CECs fell to 3 months (Po0.01), then increased to 6 months (Po0.05). The numbers of EPC and VEGF levels fell to 3 months and then increased to 6 months (all Po0.01). There were no changes in vWf or angiogenin. CD34 þ cell numbers were lower at 6 months than at baseline, whereas the white blood cell count fell at 3 months (Po0.01) and at 6 months (Po0.02) compared with baseline. Changes in EPC and CEC counts are shown in Figures 1C and 2C , respectively. At baseline, there were significant Spearman correlations between EPCs and CECs (r ¼ 0.7, Po0.001), between VEGF and CECs (r ¼ 0.55, Po0.001) and between VEGF and EPCs (r ¼ 0.69, Po0.001). At 3 months, these relationships were still present but were less strong at r ¼ 0.52 (Po0.001), r ¼ 0.28 (P ¼ 0.019) and r ¼ 0.25 (P ¼ 0.037), respectively, although the latter two may be false negatives as we are only powered for r40.4. At 6 months, only that between CECs and EPCs was significant at r ¼ 0.45, Po0.001; the VEGF relationships being r ¼ À 0.16, P ¼ 0.193 with CECs and r ¼ 0.25, P ¼ 0.037 with EPCs.
DISCUSSION
Angiogenesis, possibly driven by growth factors such as VEGF and angiogenin (Folkman, 1990; Takahashi et al, 1995; Shimoyama et al, 1999 ) is a leading factor in the pathophysiology of cancer. (Takahashi et al, 1995; Gupta, 2007; Ronzoni et al, 2010; Matsusaka et al, 2011) , as VEGF may partially drive EPCs mobilisation from the bone marrow (Asahara et al, 1999; Li et al, 2006) . Indeed, the strong relationships of VEGF with CECs and EPCs at baseline to some extent support this hypothesis, although the weakening of these relationships as treatment proceeds casts some doubt. As research in this area is hindered by the lack of consensus as to which CD markers best define these cells (Takahashi et al, 1995; Asahara et al, 1999; Beerepoot et al, 2004; Blann and Pretorius, 2006; Fürstenberger et al, 2006; Li et al, 2006; Gupta 2007; Rowand et al, 2007; Ding et al, 2008; Dome et al, 2008; Goon et al, 2009; Mancuso and Bertolini, 2010; Bellows et al, 2011; Blann et al, 2011; Ramcharan et al, 2013) , cross-comparisons can be difficult. Nevertheless, endotheloid cells measured before treatment seem to be good markers of outcome (Ronzoni et al, 2010; Matsusaka et al, 2011) and reflect Dukes' stage (Ramcharan et al, 2013) . However, few studies have examined a comprehensive panel of vascular and growth factor markers before and after standard chemotherapy and antiangiogenic therapy.
In the entire group, reductions in all research indices (except CD34 þ cells) 3 months after surgery were all as expected, and, despite reduced power, this reduction was found in all three subgroups before additional therapy. These findings fit with the general hypothesis of a link between these markers and the tumour load. However, a consistent finding was that the numbers of both Po0.05, baseline to 3-month and 6-month points. Po0.01, baseline to 3 months, Po0.05, 3 months to 6 months. In patients undergoing surgery chemotherapy and anti-VEGF therapy endotheloid cells increased regardless of the presence or absence of adjunct chemotherapy and antiangiogenic therapy. We are unable to offer a simple explanation for the increase in both cell populations after an additional 3 months. It may be that the rise in both EPCs and CECs in those not going on chemotherapy reflects the response of the body to some residual unexcised tumour and/or the physiology of repair. The rise in EPCs and CECs in those on both regimes of pharmacotherapy may be a drug-related response to these agents, or it may reflect the failure of these drugs to suppress the increase in cell numbers after surgery. However, Willett et al (2005) reported that CECs numbers fell in five rectal cancer patients after 3 days of 5 mg kg À 1 anti-VEGF therapy, but after 12 days they had returned to pre-treatment levels. In contrast, in our study, white cell counts generally fell after surgery, and remained low at 6 months, whereas CD34 þ ve cells remained constant in two groups, but fell after 6 months in those on antiangiogenic therapy. The reason for the latter is unclear.
Increased circulating VEGF is an established feature of colorectal cancer (Fujisaki et al, 1998; Werther et al, 2000; De Vita et al, 2004) and predict Dukes' stage (Kumar et al, 1998; Bellows et al, 2011) . It was therefore no surprise to find that levels fell after tumour excision, and remained low at 6 month in the no chemotherapy and standard chemotherapy groups. As expected from animal and clinical studies, levels of plasma VEGF increased in those on antiangiogenic activity (Willett et al, 2005; Segerstrom et al, 2006) , and may represent both free and antibody-bound VEGF (Yang et al, 2003) . Levels of angiogenin are also raised in colorectal cancer (Shimoyama et al, 1999; Ramcharan et al, 2013) , as they are in other cancers (Fang et al, 2011; Landt et al, 2011; Rykala et al, 2011) , and although levels fell modestly 3 months after surgery in all three groups (as did VEGF), they returned to baseline at 6 months (unlike VEGF in those in the first two groups). However, in those on standard chemotherapy, levels of angiogenin were higher than at baseline. As it is presumed that excess plasma angiogenin levels arise (as does excess VEGF (Ramcharan et al, 2013) ) from neoplastic cells, this perhaps implies the presence of some residual tumour 6 months after surgery. Alternatively, raised levels in those on standard chemotherapy may be due to a nonspecific effect of the drugs on unspecified somatic cells.
In the entire cohort, levels of vascular markers soluble E selectin and vWf (Gil-Bazo et al, 2005; Sato et al, 2010) both fell after surgery, probably reflecting less vascular perturbation resulting from a reduction in tumour load. However, in each of the three subgroups, differences were not marked, and there was no clear pattern, suggesting overtly damaging effect of standard chemotherapy with or without antiangiogenic therapy on the endothelium. The population variances (standard deviation/interquartile range) of these molecules are relatively large, and are not specific for cancer, and so we cannot exclude the possibility of a false negative owing to the small number of patients in each of the intervention groups. Despite this, soluble E selectin may be involved in angiogenesis (Koch et al, 1995; Kumar et al, 2003; Belotti et al, 2012) and vasculogenesis (Oh et al, 2007) , although (in breast cancer) this has been disputed (Hebber and Peyrat, 2000) . In our hands, although soluble E selectin fell significantly in the entire cohort, this was due to a marked fall in those on surgery plus standard chemotherapy alone (the largest group of 32 patients): there was no significant change in those on surgery alone (n ¼ 16) or those on surgery plus standard chemotherapy plus anti-VEGF therapy (n ¼ 20). Once more, small number of patients per group leads us to be cautious in speculating that we are witnessing a genuine reduction in angiogenesis per se, in only one of the three treatment groups, or simply a nonspecific response of the endothelium to the different types of treatment.
We accept the limitation of the small number of patients in each group, and despite this, some of the changes were highly significant. We therefore stand by what we feel is our major result, which is that numbers of CECs and EPCs fall markedly 3 months after surgery, but increase after a further 3 months regardless of treatment. This calls into doubt the value of a single measurement of these cells as markers of disease activity or outcome in either the short or long term. Po0.01, baseline to 3 months, Po0.02, baseline to 6 months.
